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Selective Suppression of Two Postnatally Acquired 
70 kD and 65 kD Keratin Proteins During 
Continuous Treatment of Adult Mouse Tail 
Epidermis With Vitamin A 
Jiirgen Schweizer, Ph.D., Gerhard Fiirstenberger , Ph.D. , and H ermelita Winter , Ph.D . 
Insti tute of Experimental Patho logy a S, H W) and Institu te of Biochemistry (GF), German Cancer Resea rch Cen ter, 1m 
N euenhei mer Feld, F.R.G. 
U sing mouse tail epidermis as a model sys tem we have 
studied the morphologic and biochemical effects of con-
tinuous topical treatment with vitamin A acid. N ormal tail 
epidermis shows a regular pattern of parakeratotic scale 
regions and o rthokeratotic interscale regions w hich arise 
postnatally from a uniformly orthokeratinizing neonatal 
epidermis. Daily trea tment of tail epidermis w ith vitamin 
A acid for 14 days results in the induction of hyperplasia 
and the orthokera totic conversion of the scale regions. The 
degree of these alterations is dose-dependent and maxi-
mally brought about by repetitive 30-ILg doses of the vi-
tamin. To correla te morphologic with biochemical alter-
ations, we have analyzed the keratin patterns of normal 
and vitamin A acid-trea ted epidermis by one- and two-
dimensional gel electrophoresis. The results indica te that 
repetitive vitamin A trea tment leads to the selective 
suppression of two postnatally acquired 70 kD and 65 kD 
V ita min A plays an important role in regulatin g epi-thelial grow th and differentiation . It is now well es-tablished that defi ciency of the vitamin causes squa-mollS metaplasia and keratiniza tion in a variety of non keratinizing and secretory epithelia [1-5), whereas 
vitamin A excess leads to a mucous metaplasia in cultured em-
bryonic epithelia [6,7]. In contras t to this effect on embryonic 
epithelia, excess vitamin A does not produce mucous metaplasia 
in adul t epithelia but generally leads to an enhancement of cell 
proliferation and su bsequent formation of epidermal acanthosis 
[7-9]. However, a particular type of vitamin A-induced meta-
plasia in an adult epithelium has been observed in mouse tail 
epidermis [1 0-12]. 
In contras t to the generally orthokeratinizing mammalian in-
tegumental epidermis, the mouse tail epidermis displays a regular 
and highly ordered pattern of clearly parakerato tic scale regions 
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Abbrcv iation: 
T P A: 12- 0 -tctradccanoyl pho rbo l- 13-aceta te 
type II keratin proteins. Again the minimum repetitive dose 
required fo r their complete suppression is 30 ILg vitamin 
A acid . Kinetic studies reveal an initial lag phase of 6 days 
of apparent nonresponsiveness, followed by a 5-day period 
during w hich the adult pattern is gradually replaced by the 
neonatal pattern. Repetitive trea tment of tail epidermis with 
the tumor promoter 12-0 -tetradecanoy I phorbol-1 3-ace-
tate leads to a strong hyperpl asia; however, it strictly main-
tains the scale parakeratosis. Under these conditions only 
the 70 kD keratin subunit is suppressed. This indicates that 
the suppression of the 70 kD keratin is generally linked to 
the induction of hyperprolife ration, w hereas the suppres-
sion of the scale-associated 65 kD subunit is due to the 
metaplas tic potency of vitamin A. We provide evidence 
that this vitamin A-specific in vivo effect can be used to 
determine the biologic activity of synthetic retinoids rel-
ative to vitamin A acid . ] Imm t D ermatoI 89:125-131, 1987 
which sharpl y alternate w ith orthokeratotic interscale regions . 
T he parakera totic sca le epidermis is covered by a thi ck and densely 
packed stratum corneum, w hereas the orthokerato tic in terscale 
epidermis exhibits a loose and fl aky stratum corneum character-
istic of most epithelia whose cells have passed th rough a pro-
noun ced granular stage [10-12]. This virtually unique morpho-
logic differentiation pattern develops during the fi rs t 2 postnatal 
weeks from a uniforml y orthokeratinizing neonatal epidermis 
[1 2, 13]. Surprisingly, repetiti ve topica l vita min A treatment of 
ad ult mouse tail epidermis leads to a com plete orthokeratotic 
conversion of the scale regions so that the resulting epidermis 
acquires the morphologic features of the neonatal state [1 0- 12]. 
Upon discontinuation of the vitamin A treatment the ortho-
parakeratotic patterning is gradually res tored [11] . 
Recently attempts were made to correlate vitamin A-media ted 
morphologic alte rations at the molecular level w ith alterations in 
the expression of specific markers of epithelial di ffe rentiation , i. e. , 
the cornified envelope [1 4-16] and keratins [1 7- 24]. It could be 
shown that a variety of rabbit epithelia that underwent squamous 
metaplasia during vital!lin A defi ciency in vivo expressed a 67 
kO/56.5 kO keratin pair [19], which is generall y supposed to 
represent a marker of terminal di fferentiation [25,26]. Similarly 
this keratin pair is induced and terminal di ffe rentiation charac-
teristi cs occur when epithelial cells are cultured in a vitamin A-
depleted med ium [17,18) (see, however, [23) for organ cultures) . 
As a rule, the induction of new keratin subuni ts is accom panied 
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by suppressive keratin responses [17 ,22] and there is strong evi-
dence that both processes arc contro ll ed at the level o f transcrip-
ti on [1 7,20-22]. 
In the present in ves tiga ti on w e have analyzed the changes in 
keratin expression of m ouse tail epidermis during postnatal g rowth 
and vitamin A- induced ortho kerato tic conversio n o f adult tail 
sca le epidermis. We describe a selecti ve t ime- and dose-dependent 
suppress ion of two pos tn atall y acquired 70 kD and 65 kD type 
II ke ratin proteins. O n the bas is o f co mparative ex perim ents with 
purel y h yperplas iogeni c agents, we sho w that the suppress io n o f 
th e large 70 kD keratin subunit is due to the strong mitogenic 
activity of excess vitamin A [27J , w hereas the conco mitant 
suppression of th e 65 kD keratin subunit is related to the m eta-
plasiogeni c po tency o f th e vitamin. 
MATE RIALS AND M ETH O DS 
Animals and Substances Seven-week-old fe male NMHI mice 
were used in th e experim ents. T he animals were kept in M acrolo n 
type II cages under an artifi cial d ay/ni ght rh ythm (1 2 h each) w ith 
food and water ava ilabl e ad libitum . 
All-trafls-retinoic acid (Tretinion , Serva H eidelberg, F.R. G .) 
was dissolved to g ive solutio ns o f 10, 20, 30, 40, and 60 ILg per 
100 ILl o f ace tone. Similarl y , solutions o f 0.3 , 3 , and 10 ILg as 
well as solutions o f 20, 30, 40, and 200 ILg per 100 ILl aceto ne 
were prepared w ith the synthetic trans-arotin oid Ro 13-7410 [28] 
and its cis- analogue, respectively. The dose ran ges o f th e two 
syn theti c retino ids we re essentiall y based o n bio po tency va lues 
relative to vitamin A acid , ga ined w ith th e hamster trachea o rgan 
culture assay [29]. The tum or pro m o ter 12-0 -tetradecanoyl-
phorbo l-13-ace tate (TPA) w as dissolved to g ive a solution con-
tainin g 20 nmo l/ 100 ILl o f ace tone. All solutions were kept in 
bro w n bo ttles at - 20°C under a nitrogen atm osphere w hich was 
ro utinely res to red after the use o f the solutions. 
Treatment of Animals G roups o f 3 rand o ml y selected mice 
received topi.ca l 100-ILI doses o f either the different retin oid so-
lutio ns o r T PA on their tails. The retin o ids w ere appli ed dail y 
for 14 days w hereas T PA was administe red onl y every second 
day (7 applica tions in 14 da ys). In a furth er ex perim ent, 3 mice 
received 4 nmol T PA in 20 ILl ace tone o n the dorsa l surface of 
the ea rs using the same application schedule as described for tail 
epidermis. For this type o f trea tment, the animals were sho rtl y 
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anesthetized w ith ether. T ail and ea r contro l g ro ups received only 
] 00 ILl and 20 ILl o f acetone, respecti vely . T wenty-four hours 
after the las t appli cation o f each compound , the anim als were 
killed by cervica l discolation. Each tail skin was cut longitudi-
nall y, stripped o ff from bo ne and ca rtilage, and cut into pieces 
o f 4 cm and 1 cm leng th , respectively. The sm aller skin pieces 
were fi xed in fo rmalin , embedded in paraffin , and processed fo r 
routine histo logy (5-ILm sc'cti ons; H & E staining). The 4-cm 
pieces we re in cubated fo r 40 s in 60°C hot wa ter and the epidermis 
ca refull y rem oved w ith fin e fo rce ps. Hi sto logic exa minatio n of 
th e rem aining dermis revea led a co mplete separati on o f the tissues. 
The epidermal sampl es of each experim ental g roup w ere pooled 
and sto red at - 20°C. The tail epidermis of 4 newbo rn mi ce (no t 
o lder th an 12 h) was separated fro m the dermis as described for 
adult m ouse tail epidermis. N o rm al and TPA-trea ted ea r epider-
mis was separated acco rdin g to the acetic ac id m ethod [1 % (v/v) 
ace tic acid ; o vernig ht incubatio n at 4°C]. 
Extraction of Keratins, One- and Two-Dimensional Gel 
Electrophoresis Ex traction of keratins fro m the different epi-
derm al sa mples was perfo rm ed essentiall y as described previously 
[30]. O ne- and two-dim ensional gel electroph o resis w as ca rried 
out acco rdin g to Laemmli [31] and O' Farrell et al [32], respec-
tively . Gels w ere stained in 0. ] % C oomassie blue in 40% M eOH, 
10% aceti c acid and destained in 20% M eOH, 10% acetic acid. 
RES ULTS 
The Keratin Pattern of Mouse Tail Epidermis Fig ure 1n 
sho ws the two-dimensio nal kera tin pattern o f adult m OLlse tail 
epidermis in relatio n to that o f neonatal tail epidermis (Fig 1 b). 
As previously reported [33, 34,35], the keratin pattern o f the uni-
formly o rth okeratinizin g newborn mouse epidermis (Fig 1 d) con-
sists of the basa l 60 kD, 52 kD , and 47 kD keratin set and the 
suprabasa l 67 kD and 59 kO keratin pair (Fi g 1b) . These subunits 
are mRNA encoded [35], w hereas th e 64 kD and 62 kO proteins 
represent posttranslationally generated stratum corneum equiv-
alents o f th e 67 kD subunit [36, 37]. After the fo rm ation of the 
chara cteristic m o rphology o f adult tail epidermis (Fi g 1c) the 
express ion o f the neonatal keratin proteins is preserved ; however, 
the pattern shown in Fig 1 a clea rl y displ ays 3 additio nal, basic to 
neutral keratin subunits: two prominent proteins of 70 kD and 
65 kD and a faint and m o re acidi c one of 67 kD, m arked by an 
Figure 1. Keratin pattern and morphologic appea rance of mouse tail epidermis. a, Two-dimensional keratin pattern of adult tail epidermis. The faint 
protein marked by an asterisk represents a secondary product of the 70 kD subunit. b, Keratin pattern of newborn mouse tail epidermis. For both gels 
probes were resolved in pH 3-10 nonequili brium pH gradient capillary gels in the first dimension (NEPHCE) and in 7% polyacrylamide sodium 
dodecyl sulfate gels in the second dimension (S DS). c, Tail epidermis of adult mouse. Note the alternatin g parakeratotic scale regions (S R) and 
orthokeratotic interscale regions (IS R) and the difference in the staining properties of the respective stratum corn eum . A rro l/ls indicate the granular 
layer in the ISR. d, tail epidermis of a 3-day-old mouse. Note the onset of the typica l dermal epidermal undulation of the dermal-epidermal junction, 
the still continuous granular layer, and the uniforml y flaky stratum corneum. (H & E staining) . c, In vitro labelin g of tail epidermal keratins. Freshly 
excised pieces of adult tail skin (0.5 X 0.5 cm) were incubated at 37°C in methionine-free Eagle's minimum medium , supplemented with 135SImethionine 
(100 /-LC i/ml). After different times of incubation (10, 20, and 30 min). keratin proteins were extracted from the heat-separated epidermis and resolved 
on 9% gels. Pro teins were visualized according to Bonner and Laskey 1331. The slot sho ws the labeling pattern after 10 min of incubation. In both 
one- and two-dimensional gels the molecular weights of the proteins are indica ted in kilodaltons. 
VOL. 89. NO.2 AU G U ST 1987 
© 
Figure 2. Morphologi c appearance of normal ad ul t tai l epiderm is (a; the 
section shown is the same as that of Fig I c) and tai l epidermis w hich has 
received daily applications of 30 J.Lg vitam in A acid for 14 days (b). N ote 
the generalized hyperplasia. the continuous gran ular layer. and the uni-
formly flaky stratum corneum in the vitamin A-treated epidermis. c, 
Lower magnification of the sk in sample shown in (b). SR, scale region; 
[SR, intersca le region; HF, hair fo ll icle; SB, sebaceous gland . (H & E 
stainin g) . 
asterisk. It is remarkable that these changes occur without the 
concomitant induction of additional acidic keratin proteins. Whereas 
the 70 kD protein occurs also postnatally in footpad and ear 
epidermis [34,38], the 65 kD protein is not found in any other 
epithelium of the adult mouse. If small pieces of tail skin are 
briefly (i.e., 10 min) incubated in vitro in a medium containing 
[ 35S] methionine, both the 70 kD and the 65 kD proteins are as 
intensely labeled as the remaining mRNA encoded keratin sub-
units (Fig Ie). Since it is reasonable to assume that during this 
sho rt in vitro labeling period. posttranslational modifications of 
keratin proteins are not likely to occur (see for example the lack 
of the 64 kD and 62 kD secondary products of the 67 kD keratin 
protein in Fig 1 e), this strongly indicates that the postnatally 
acquired 70 kD and 65 kD keratin proteins are also translated 
from discrete mRNA species. The faint, almost neutral 67 kD 
protein, wh ich cannot be detected on one-dimensional gels due 
to its comigration with the basic, suprabasa l 67 kD subun it, shares 
an almost identical peptide map with the 70 kD protein (results 
not shown). Since it is known that posttranslational modifications 
of type II keratin proteins lead to more acidic secondary products 
[30,36], the neutral 67 kD protein may therefore be regarded as 
a stratum corneum eq uivalent of the 70 kD protein. 
Changes in Morphology and Keratin Pattern of Adult Tail 
Epidermis After Repetitive Treatment With Vitamin A Acid 
Histologic examination of tail epidermis, which has been treated 
topically for 2 weeks with increasing doses of vitamin A acid 
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Table I. Thickness of Tail Epidermis and Percentage of 
Orthokeratotic Sca le Regions After Repetitive Topical 
Treatment With Increas ing Doses of Vitamin A Acid 
Percentage of 
Dose of Vitamin A Orthokeratotic Scale 
Acid Epidermal T hickness Regions 
Control 38.74 ± 1. 60 J.Lm 0 
10J.Lm 44.17 ± 2.40 J.Lm 16 
20 J.Lm 49.72 ± 3.20 J.L111 65 
30 J.L111 59.43 ± 3.80 J.Lm 97 
60 J.Lm 61.14 ± 4.20 J.Lm 97 
From each mouse tail , a I-em skin sample was processed for rOll tine histology 
and 2 distant 5-llg sections per skin sample were prepared (6 sections per experi-
mental group). Epiderma l thi ckness: In 5 random ly sclected sca le regions per section 
the epidermal thickness (from the basal layer to the underside of the stratum cor-
neum) was determined usin g a ca librated eyepiece reticule. The values reported 
represent the mean values of 30 measuremcnts pcr experimental g roup. Orrho-
keratoric sca le reg ions: In each I-cm section ofcach experimcnta l g roup the number 
of scale regions displaying a clearl y visible continuous granul ar b yer was counted 
and expressed as pe rcentage of the total number of sca le regions per section. 
(10- 60 p.g), reveals a dose-dependent increase in both epidermal 
thickness and the tendency of orthokeratotic conversion of scale 
epidermis (Fig 2b). Both processes are maximally achieved with 
repetitive doses of 30 p.g vita min A acid (Table J). In accordance 
with previous findings [12], repetitive doses of up to 60 p.g are 
still in the nontoxic range, however, and produce essentially the 
same alterations as 30-p.g doses. 
Similarly decisive alterations in keratin expression were also 
observed in the critical dose range between 10-30 p.g vitamin A 
acid . Figures 3b and 4b show that repetitive applications of 10 p.g 
of the vitamin lead to a redu ction of the basic 70 kD and 65 kD 
subunits [concomitant with the disappearance of the neutral 67 
kD secondary product of the 70 kD subunit (Fig 4b)] , the acidic 
47 kD subunit and an increase in intensity of the suprabasal basic 
67 kD keratin protein. In addition, especially the two-dimensional 
gels show the induction of a type 11 59.5 kD and a type I 50 kD 
keratin protein . T his keratin pair is also encountered in mouse 
epidermal cells in culture [35] and in benign and malignant epi-
dermal tumors [30]. Recently we were able to show that the 59.5 
kD/50 kD keratin pair is also induced in wounded epidermis and 
in epidermis that has been treated with hyperplasiogenic doses of 
TPA [39]. It therefore corresponds to the human 56 kD/48 kD 
keratin pair (keratin proteins 6 and 16 [40]) typical for hyperpro-
Figure 3. One-dimensional keratin pattern of normal tail epidermis (a) 
and ta il epidermis w hich has been treated with 10 J.Lg (b), 20 J.Lg (c), and 
30 J.Lg (d) of vitamin A acid for 14 days. The arrow/lead indicates the 
position of actin (43 kD); 8% gel. 
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Figure 4. Two-dimensiona l kera tin patte rn 
of norm al tai l epidermis (a) and tail ep idcrmis 
which has been trea ted fo r 14 days w ith 10 
ILg (b) , 20 ILg (c) , 30 ILg (d) vitamin A acid, 
w ith 0.3 ILg Ro 13-7410 (e) and w ith 30 ILg 
of the cis-analoguc of Ro 13-7410 U) . Elec-
trophore ti c conditions were as described in 
legend to Fig 1. 
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liferative epidermis [41]. T he w hole spectrum of these alterations 
is enhanced with repetitive doses of 20 JLg v itamin A acid (Figs 
3c, 4c) and again is ma ximal w ith 30-JLg doses w hi ch lead to a 
complete suppression of the postnatally induced 70 kD and 65 
kD keratin proteins (Figs 3d, 4d), and thus to a res toration of the 
neonatal keratin pattern , except fo r the presence of the hyper-
proliferative 59.5 kD/50 kD keratin set. It sho uld be emphasized 
th at due to the narrow spacin g of the proteins in the 65 kD to 
62 kD regio n, the fate of the 65 kD protein ca n onl y un ambi g-
uously be followed by the more efficient two-dimensional res-
olu tion . This ma y explain so me incompl ete interpretations in 
ea rlier experiments [42] . 
In a further experiment, the kinetics of the observed kera tin 
alterations were in ves ti ga ted. Figure 5b reveals that up to da y 6 
o f trea tm ent w ith 30-JLg doses of vitamin A acid, no detectable 
changes occur in relation to the normal keratin pattern (Fig Sa). 
By day 8 (Fig 5c) one observes for the fi rst tim e a vis ible decrease 
of the 70 kD and 65 kD subunits as well as the appearance o f the 
hyperproliferation keratin pair. Surprisingly, after onl y 2 furth er 
applica tions (day 10; Fig 5d), the pattern changes dram aticall y in 
th at the 70 kD and 65 kD proteins are no longer visible. T his 
indicates that the alterations o bserved after 14 days of vitamin A 
acid trea tment (Fig 5e) are already essentially e~ tablished after 10 
days ' of repetitive app lica tion o f the vitamin. In this contex t it is 
impo rtant to mention that macroscopicall y, the repetitive appli-
ca tion of 30-JLg doses (or up to 60 JLg) of the vitamin leads to a 
rather abrupt onset of a massive scaling of th e trcated skin area 
by day 7, which disappears almost equally abruptly by da y 11 o f 
trea tment. Within the 14-day application schedule, this sca ling 
phenomenon is absent (or on ly marginall y v isible) with repetitive 
doses of 10 JLg and 20 JLg of the vitamin. 
Changes in Keratin Pattern of Tail Epidermis After Re-
petitive Treatment With Two Synthetic Retinoids The 
synthetic arotinoids Ro 13-7410 and its cis-analogue (Fig 6) were 
@@@ @@ 
Figure 5. Tinie course of the effect of dail y trea tment of adult tail epi-
dermis w ith 30 ILg vitamin A acid on keratin express io n. (II) Untrea ted 
epidermis, (b) 6 da ys, (e) 8 days, (d) 10 days, (e) 14 days of vi tamin A 
acid trea tment. T he arrowhead indica tes the position o f actin (43 kD; 8% 
gel). 
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Figure 6. C hem ical structure of Ro 13-74 10 and its cis-analogue. 
administered accordin g to the applicati on schedule of vitamin A 
acid . Repetiti ve 10-lLg and even 3-lLg doses ofR o 13-741 0 turn ed 
out to be hi ghl y tox ic after 4 and 6 days, respecti vely, so th at the 
trea tment had to be discontinued. In contras t, a dail y dose o f 0.3 
ILg o f Ro 13-751 0 was tolerated by th e animals w ithout signs of 
tox icity. Macroscopica ll y thi s dose also induced th e sca ling phe-
no menon between da ys 7 and 11 of treatment and on th e keratin 
level led to th e sa me protein pattern (Fig 4e) whi ch is observed 
w ith dai ly doses of30 ILg vitamin A acid . Simlarl y, elevated doses 
of th e cis-analog ue of Ro 13-7410 (200 ILg) were hi ghl y to xic, 
w hereas a dose range of 20-40 ILg was nonto xic. The threshold 
dose, necessa ry to induce a complete suppression of the 70 kD 
and 65 kD keratin proteins was found to be 30 ILg of the com-
pound (Fig 4f). 
Changes in Morphology and Keratin Pattern of Adult Tail 
Epidermis After Repetitive Treatment With TPA T wenty 
nanomoles of TPA was topica ll y applied every 2 days for 2 weeks 
on th e tail skin of mice. After th e second applica tion, th e skin 
showed reddenin g and a moderate sca ling that persisted over the 
w hole period of observation. Morphologicall y, after 7 appli ca-
tions o f TPA, the epidermis is strongly hyperpl as tic; however, 
o 
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it has completely retained the parakerato tic differenti ation of 
the sca le regions. The sa me observations have already previously 
been made and documented even after 2 m onths of repetiti ve 
trea tm ent w ith the tum or pro motor [34,43]. With rega rd to ker-
atin ex pression, one observes the induction of the hyperprolifer-
ati ve keratin pair and a strong redu ction of the 70 kD subunit 
(compare Fig 7a and b), w hich completely di sa ppea rs w hen the 
treatment is extended fo r 2 months [43]. M ost importantl y and 
in contras t to the effect o f repetiti ve vitamin A acid trea tm ent, 
th e suppression of the 70 kD subunit by TPA is no t accompanied 
by a concomitant suppression of the 65 kD keratin protein. O n 
th e contrary, this protein seems to be sli ghtl y eleva ted in intensity 
(Fig 7b). 
Adult ea r epidermis contains onl y the 70 kD keratin pro tein as 
a postnatall y acquired keratin constituent [34,381 (Fig 7c). Re-
petitive TPA trea tment fo r 2 weeks leads to a strong hyperpl as ia 
[44] and a complete suppress ion of th e 70 kD pro tein (Fig 7d) . 
Except fo r the presence of the hyperproliferative keratin pa ir (59. 5 
kD/50 kD), the resultin g pattern is aga in th at of the neonatal 
epidermis. 
D ISC USSIO N 
The epidermis of the newborn mouse is uniform in bo th mor-
phology and kerat in ex pression. During pos tnatal g rowth , how-
ever, a remarkable topologic di versity in th e morphologic ap-
pea ran ce of the epidermis develops which is reflected by body 
site- specifi c keratin patterns [34]. In tail epidermis, the postn atal 
development of altern ating para- and o rthokerato ti c epidermal 
subreg ions is accompanied by the supplementation of the neonatal 
keratin pattern w ith 2 high-molecular-weight type II keratin pro-
teins of 70 kD and 65 kD . These 2 postn atall y acquired keratin 
subuni ts are selecti vely suppressed in the course of continuous 
topical trea tment of tail epidermis with vitamin A acid, which 
leads to both a pronoun ced generalized hyperplasia and an o r-
thokerato tic conversion of the scale epidermis. The obj ecti ve o f 
the present stud y was to in ves ti gate w hether changes in keratin 
expression ca n be related to the morphologic alterations brought 
about by the vitamin . T o elucidate this, the experiments w ith the 
tulll o r pro moter TPA playa pivotal ro le . We have shown that 
TPA induces a stron g hyperplasia in tail epidermis; however, it 
does no t affect at all the pa rakerato tic di fferentiation o f the sca le 
regions [34,43]. Th is strongly niitogenic effect-clea rly demon-
strable by the appea rance of the characteristic 59.5 kD/50 kD 
keratin pair-entail s th e suppression of onl y the 70 kD keratin 
subunit , w hereas the synthesis of the vitamin A-sensitive 65 kD 
subunit is maintained . Sin ce the 70 kD subunit is also los t from 
TPA-treated adult ea r epidermis, its suppression may therefore 
generall y be related to th e induction of hyper proliferation in adult 
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Figure 7. Alteratio ns in keratin pacrerns 
o f adult ta il and ca r epidermis afte r repet-
itive treatment w ith T PA . (a) N ormal ta il 
epidermis, (b) tail epidermis trea ted every 
2 days w ith 20 nm o l TPA fo r 14 days. (c) 
N ormal ear epidermis, (d) ear ep idermis 
trea ted every 2 da ys w ith 4 nnlOl TPA for 
14 days. Electrophore ti c conditio ns were 
as descr ibed in legend to Fig 1 . 
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mouse epidermis of the corresponding body site. In contrast, the 
suppress ion of the 65 kD .keratin subunit un amb iguously depends 
on the vitamin A-mediated metaplastic orthokeratotic conversion 
of the tail scale epidermis. Since the 65 kD keratin protein has 
not been found on any other mouse epithelium , there is every 
reason to believe that it is selectively expressed in the parakera'totic 
scale regions and therefore may represent a specific molecular 
marker for this unusual type of normal epidermal differentiation. 
Moreover, we have recently gained evidence for a compart-
mentalized expression of the 70 kD keratin subunit also, since by 
means of in situ hybridization with a specific cD N A clone com-
plementary to the 70 kD mRNA, we were able to localize its 
synthesis exclusively in the orthokeratotic interscale regions. * 
Within the given appli cation schedule the vitamin A-mediated 
reinduction of both the neonatal epidermal morphology and ker-
atin pattern is strictly dose-dependent. Dose-response studies show 
a maximum within a very narrow dose range and enable deter-
mination of the minimal effective dose of 30 J-Lg of vitamin A 
acid. The time course of the alterations in keratin expression 
brought about by repetitive application of 30 J-Lg of the vi tamin 
reveals an initial lag phase of apparent nonresponsiveness. Al-
though in the present case this lag phase of about 6 days is un-
usually long, it represents a typical feature of vitamin A act ion 
in vivo and in vitro (7,8,17,22] . During the subsequent 4-5 days 
of continued exposure to the vitamin, the adult keratin pattern 
is progressively changed into the neonatal keratin pattern. It is 
noteworthy that the entire process cannot be accelerated by higher, 
nontoxic doses of the vitamin. The reversal of the adult keratin 
pattern proceeds along w ith the onset of a strong hyperprolifer-
ative response of the tissue, which at the molecular level shows 
up by the appearance of the hyperproliferative keratin pair and 
macroscopically leads to a period of heavy scalil)g the duration 
of which coincides w ith the gradual suppression of the 70 kD 
and 65 kD subunits. This indicates that vitamin A acid induces 
a complete renewal of the epithelium probably by a reprogram-
ming of basal cells (7], w hich subsequen tl y differentiate according 
to the neonatal keratinization phenotype, provided, however, the 
hyperproliferative stimulus is maintained. It is evident that such 
a drastic interference of the vitamin with a developmentally es-
tablished and particularly complex differentiation program re-
quires a cascade of preparatory events, among which the reor-
ganizaion of the expression of differentiation markers may probably 
be a rather late response. 
T he preliminary experiments with 2 synthetic retinoids have 
shown that the ability to determine the vitamin A dose-dependent 
orthokeratotic conversion of tail scale parakeratosis by anal yzing 
keratin expression, can be used to evaluate the in vivo biologic 
activity of retinoids relative to vitamin A acid . In the present 
study we have used 2 synthetic arotinoids for which biopotency 
values have previously been determined by means of a widely 
used organ culture assay that measures the reversal of keratini-
zation in retinoid-deficient hamster tracheas [29]. According to 
this in vitro assay, the arotinoid Ro 137410 is 3 times more active 
than vitamin A acid (ED50 values of 3 X 10- 11 vs 1 x 10" [29]), 
w hereas the cis-analogue has been found to be 10 times less active 
than vitamin A acid (F. Frickel, personal communication) . Al-
though basically the mouse tail test confirms this act ivity rei a-
tion li hip of the 2 arotinoids relative to vitamin A acid, it clearly 
reveals, however, a 100-fold hi gher in vivo activity for Ro 13-
7410 and an equipoten tial activity of the cis-analogue. Ongoing 
experiments in our laboratory, aimed to raise specific antibodies 
against the scale epidermis-associated 65 kD keratin subunit may 
contribute to further improve the sensitivity and to simplify the 
performance of this short-term in vivo assay for the biologic 
activity of retinoids . 
* Rentrop M, Nischt R, Knapp B, Schweizer J, Winter H: Sequence 
data and mRN A location of a type II 70kd keratin protein of mouse 
epidermis displaying postnatal body site specificity and sensitivity to hy-
perproliferation. Submitted for publication. 
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